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The Causes of Perceptive Deafness By R. R. SIMPSON, F.R.C.S.Ed. I WANT to approach this subject, in the first place, from the clinical aspect. For this purpose I have taken 100 cases of perceptive deafness seen by me during the last year at the Hull Royal Infirmary. All the cases showed the accepted clinical findings, including audiograms both for air and bone conduction. The causes of the deafness were, in my view, as follows:
Cause
No. It is not a comprehensive list. I have excluded, for example, all congenital causes. It is not to enumerate the detailed causes that I show this list. It is rather to consider the primary causes of perceptive deafness as illustrated by such a list. Such a list can be divided into three main primary causes: (a) neuritic; (b) traumatic; (c) vascular.
(1) Cases where the nerve elements of the Perceptive Mechanism are primarily involved, 
cases
In none of these cases was there any evidence of a previous otitis media. The membranes appeared normal and intact. In the history of the case there appeared to me to be a direct connexion between the disease mentioned and the incidence of the deafness. It appeared that these diseases exerted a direct toxic effect on the nerve cells of the cochlea or the nerve itself.
Eggston and Wolff [2] suggest that in the cases of perceptive deafness due to drugs, the lesion is an allergic reaction in the cochlea itself.
(2) Traumatic causes.-These cases are divided into 4 groups, roughly on the degree of trauma applied. In the case of the fracture of the skull and concussion (7 cases) the degree of trauma is the most severe. Next come the cases caused by explosions, bomb-blast and gunfire (12 cases). And the least in degree of irauma are those due to various occupations (11 cases).
In connexion with the cases of occupational causes and the gunfire and explosion causes, it is interesting to refer to recent views on the theories of hearing. Reboul [7] considered the hydrodynamics ofthe propagation of a fluid wave within small conical cavities. He computed the movements of these waves within such tiny elongated cavities as the scala vestibuli and scala tympani. He maintains that the pressure waves and waves of elongation set up by each tone is a function of the vibratory frequency of that tone. Such waves will impinge upon the reception endings of the organ of Corti at specific points. The point of impingement in the cochlea of a given wave can be calculated mathematically. This theory makes it unnecessary to assume that thousands of little microphones are lined up in the cochlea waiting for the tones to locate them. On the contrary, fluid vibrations at a given frequency will always produce sufficient pressure at a mathematically predictable point to set into action a relatively simple perceptive mechanism. Much more proof of these propositions is, of course, needed. But there is some experimental support for it, e.g. Larsell's [51 histological studies of the developing cochlea of the pouched opossum embryo, from which movement reflexes and oscillographic responses were secured only as various areas reached functional activity. In discussing these findings, one of the joint authors of the paper, McCrady, comes to the same conclusions as Reboul. McCrady [5] puts it this way: "The maximum efficiency of pressure exerted by the energy of sound wave travelling through a liquid in a tube, depends upon the relation of wavelength to the circumference of the tube.'" He found that by mathematical calculation he could expect a certain area of the cochlea to be receptive to the precise sounds which, from other experimental evidence, such as Hallpike's, we believe are received there. This theory may well explain the mechanism by which sound waves reach the appropriate area of the cochlear mechanism and set off the stimulus which is interpreted in the cortex by us as the sound corresponding to that stimulus. But it does not explain why sounds of varying pitch but of great intensity, or of varying pitch but of sustained and lesser intensity, i.e. the conditions producing occupational deafness, &c., all tend to produce the lesion in the cochlea which we have come to refer to as "the 4096 dip". On the basis of this theory we should expect to find the lesion in occupational deafness and gunfire, &c., at the poirt in the cochlea where we believe the pitch involved is received by the cochlea. It seems to me that there must be some other explanation of the "4096 dip" commonly found in traumatic cases. Here I would point out that this "dip" is not confined to traumatic cases. It is also found in many cases of chronic otitis media of longstanding, where there has been no associated trauma. Is there an explanation common to both causes, i.e. other than trauma?
(3) Vascular causes.-First let me mention the cases in this group which I think you will accept without question. The next group, 16 cases, are those which are attributed to the results of chronic otitis media. In support of my contention that these are vascular in origin I would quote Eggston and Wolff [2] :
"No inner ear appears microscopically perfectly normal in the presence of a well-established otitis media. Dean and Bunch on the basis of audiometer records gave clinical evidence of this fact ... Clinically the hearing and vestibular functions return to normal when the otitis has been cured, as a general rule."
It is my belief that the 16 cases here mentioned, were, for various reasons, caused by vascular changes in the cochlea as a result of vascular changes in the middle-ear from old chronic otitis media. If we accept these as being of vascular origin, then we have a total, so far, of 44.
There are still 9 cases of syphilis to classify. We assume that some of the cases will show cochlear changes due to an endarteritis obliterans and some will show trophic changes in the nerve. If, for the purpose of this discussion, we say that 4 out of the 9 cases show endarteritis obliterans, we have now a total of 48 cases out of 100 in which the vascular changes are the primary cause of the perceptive deafness. I want to acknowledge here my indebtedness to Professor Harris [4] of the Anatomy School, UJniversity of Cambridge. It was he who drew my attention to some of the anomalies in the accepted ideas of the vascular supply of the cochlea.
Sunderland [8] has drawn attention to the fact that the exact size of the internal auditory artery, in relation to the other structures in the internal auditory meatus, is rarely appreciated.
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The reason being that, in the dissection of this area, the brain is lifted up and the attachments cut in order to expose the internal meatus. If, however, the brain is gently retracted, fig. 1 is the picture that is seen. Note, first, the unexpected length of the artery, and secondly, its small calibre when compared to the nerves in the meatus. Sunderland found that in 17°o f specimens the internal auditory artery took origin independently from the basilar artery and entered the meatus as a separate arterial channel anterior to thc seventh and eighth medius. nerves. In the remaining 83 Y., the artery took origin from a variable point on the anterior inferior cerebellar artery. The evidence favours, therefore, a predomi-nant origin of the internal auditory artery from the anterior inferior cerebellar artery. When the anterior inferior cerebellar artery passes between the nerves entering the internal auditory meatus, it does so, in most instances, between the main motor division and the portio intermedia. Sunderland adds that the knowledge of such a relationship is of considerable functional importance in surgical explorations of the cerebellopontine an'gle and in connexion with certain disturbances of nerve conduction which may possibly arise as a direct consequence of mechanical pressure exerted on the nerves by atheromatous, enlarging, abnormally pulsating or tortuous vessels.
In the internal auditory meatus, this artery gives off a cochleo-vestibular branch, which divides into a trunk supplying the proximal two-thirds of the basal coil of the cochlea, and a posterior vestibular artery. The continuation of the internal auditory artery divides into two trunks, one entering the modiolus and supplying all of the cochlea excepting the proximal two-thirds of the basal coil, and the other the anterior vestibular artery. These branche-s are all terminal or "end-arteries " constituting the sole blood supply for their respective areas of distribution.
Next, Professor Harris draws attention to the generally accepted or conveintional diagrams of the vascular supply of the cochlea in order to contrast them with real specimens. Fig. 2 is taken from Abderhalden. Eggston and Wolff [2] , quoting Nabeya and Assia, also accept this arrangement of the vascular supply. Commenting on this, Professor Harris lays down the general principle that whenever an artery goes through a long fibrous canal, it is not accompanied by one vein but by a plexus of veins (cf. pampiniform plexus, vertebral venous plexus, &c.). Professor Harris has confirmed this view by examining sections to show the vascular supply in the labyrinth of a ten-and-a-half weeks human embryo. Therefore, in the intenal ear one should expect not only arterial phenomena but also venous phenomena, e.g. varicosities, thrombosis, &c.
Concerning the physiology of the vascular supply of the labyrinth, Mygind and Falbe-Jansen [6] maintain that: (a) In contrast to the general reaction of the organism, the labyrinth shows vasoconstriction after the injection of histamine, vasodilatation after adrenaline, presumably thus compensating the universal change of blood-pressure. (b) The waterbinding power of the labyrinthine cells is increased by injections of histamine, lowered by adrenaline.
There is some evidence, therefore, for supposing that the vascular mechanism of the internal ear is designed to counteract sudden changes in the vascular tension of the rest of the body. I mentioned earlier that Reboul's theory did not explain "the 4096 dip". It will be seen that a vascular lesion would. If we assume, therefore, that in the traumatic causes where a "4096 dip" is found, the lesion is vascular, we can add to the vascular causes a further 23 cases (12 gunfire, blast, explosion and 11 occupational). This would bring the total of the vascular causes up to 71 out of 100 cases. a figure very much higher than I had previously considered. The evidence to suppoit this vascular theory, so far as I am aware, is based on clinical grounds and theoretical speculation. I know of no direct experimental evidence to support it. Asherson [1 1 in discussing the question, maintains that "any noise above a certain intensity is a stimulus, which reacts through the ear and produces a spasm of an end-artery distributed to that part of the high-tone division of the cochlear nerve which transmits the frequencies 4096". But he does not venture an explanation of how this reflex works. Instead he asks: "Is the original arteriole spasm a reflex via the tympanic membrane and the stapedius muscle? Is this reflex protective in gearing down the conductivity of the nerve to prevent too loud a sound being transmitted?"
These and many other questions must be answered by the evidence of future experiments in this almost unexplored field.
Mr. Terence Cawthorne said that with the new concept presented by the authors it was possible clinically by means of these tests to distinguish between a lesion of the end-organ as seen in M&niWre's disease and a lesion of the nerve trunk as seen in a neurofibroma. At a neurological hospital such problems were common and they had the experience that the method put forward was of real practical value. He believed that this study would be of great help in differentiating between a lesion of the end-organ and the trunk of the eighth nerve.
Mr. Simson Hall said that he had listened to the Paper read by Dr. Hallpike with great pleasure and profit and congratulated him and his colleagues on the very practical approach which they had adopted towards these problems. He had had the advantage of hearing Dr. Hallpike talking on this subject some time ago in the Section of Neurology, and what he had said that morning put in a more practical and everyday fashion what he had advanced on the previous occasion. He was extremely interested in his speech intelligibility differential test. One question arose on this matter. Dr. Hallpike told them that he was using a loudspeaker for testing. He would like his opinion as to whether he preferred to use live speech or reproduced speech. Would he consider these tests of the same value if carried out with a more crude method? In other words, was it essential to have scientifically graded speech? The speech intelligibility curve which he had shown demonstrated in a graphic form a point which was of interest to those who were dealing with the operative side of the correction of deafness.
There was no doubt that direct assessment of the intelligibility of speech was needed in assessing the value of the fenestration operation. They had found in many cases that although they had got a satisfactory rise in the audiometric chart, the raising of the lower tone limit did not give the patient any real satisfaction, and sometimes his condition was worse than before, because owing to nerve loss, the intelligibility suffered very considerably.
Referring to Mr. Simpson's paper, he was extremely interested in the result of vascular change in otitis media. In a Paper which he himself had read to the Section a little while ago he had pointed out that in early otitis media the nerve change was obvious and was th-last thing to recover. He wondered whether they could link that up with some of the vascular changes of which Mr. Simpson had spoken. The same thing occurred after the fenestration operation. Mr. Simpson had certainly given them some new ideas on that subject.
Air Commodore E. D. D. Dickson showed records of cases of perceptive deafness occurring in airmen who had undertaken high altitude diving. None of these experienced pain during the dive. The eustachian tubes were patent aid the tympanic membranes were normal in appearance when seen. Audiometric tests showed a perceptive type of deafness and the caloric stimulation of the labyrinth gave a normal response. (These latter findings were checked and corroborated by Hallpike at Queen Square.) The first case dived from 14,000 ft. and the second from 30,000 ft. to 10,000 ft. The third case lost consciousness whilst looping an aircraft and regained it at 3,000 ft. On landing all complained of deafness in one or other ear which has persisted. What was the cause of such deafness? Was it due to pressure changes in the inner ear confined to the cochlea?
Mr. H. V. Forster said that having listened to the discussion, he had been reminded of an old question put to us with anxiety by our deafened patients. Would the use of an electrically powered aid eventually damage the hearing?
Recent contributions by European workers, for example, de Mar6, Huizing and Pothoven, renew interest in this question when applied especially to cases of perception deafness associated with the loudness recruitment phenomenon.
He thought it would be agreed that our answer should be definitely encouraging in cases of obstructive or middle-ear deafness, but when the inner-ear system is at fault, the answer must be guarded and be dependent on the improved design of hearing aids.
Certain developments in the design of these instruments are expressed by such terms as "peak clipping" and "compression amplification", but he, Mr. Forster, would not press Mr. Hallpike and his co-workers for information on this technical problem, which he hoped might be discussed at some future meeting of the Section. Older people are grateful to the practised public speaker and experienced politician, not only for his clear diction, but also for the well-spaced words and sentences. This latter quality, however, is often impatiently criticized by the younger listener.
